The ability to switch from skotomorphogenic to photomorphogenic development is essential for seedling survival. Central to this mechanism are the phytochrome interacting factors that are important for maintaining the skotomorphogenic state and regulating the switch to photomorphogenesis.
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Seedlings kept in darkness adopt a skotomorphogenic program of development, in which allocation of resources is typically directed toward hypocotyl elongation at the expense of cotyledon and root development. Rapid and exaggerated elongation of the hypocotyl provides a means for the seedling to seek light. The tightly folded apical hook allows easy passage through soil or other substrates and protects the small unfolded cotyledons and underlying meristematic region from damage. This growth strategy ensures that limited seed reserves are used economically and are devoted to the quest for light, a prerequisite for photoautotroph survival.
In a recent issue of Current Biology, Leivar et al. [1] illustrate how the balance between skotomorphogenesis and photomorphogenesis is achieved during Arabidopsis seedling establishment. Central to this process are the phytochrome interacting factor (PIF) transcription factors, key modulators of the dark, etiolated state.
In darkness, skotomorphogenesis is achieved by the active repression of the genes that would lead to de-etiolation and photomorphogenic development. This process is regulated by the COP1-SPA1 E3 ligase complex that targets transcription factors like HY5 for degradation by the proteasome [2] . Leivar et al. [1] have demonstrated that an accompanying PIF-dependent mechanism is necessary to regulate gene transcription, hypocotyl cell elongation and maintenance of the etiolated state.
It is now well established that the PIF subgroup of basic helix-loop-helix transcription factors comprises important light signalling components. A key feature of the pif knock-out phenotype is exaggerated de-etiolation, indicating that these transcription factors antagonise de-etiolation in light-grown seedlings [3] . The closely related PIF1, PIF3, PIF4 and PIF5 have been shown to preferentially interact with the active, Pfr form of the phytochrome B (phyB) light receptor through the conserved active phytochrome binding (APB) motif [4] . Following light activation of phyB, a strong promoter of de-etiolaton, PIFs are phosphorylated and targeted for proteolytic degradation by the proteasome [5] [6] [7] [8] . These studies suggest that the phyB-PIF module can provide a potent 'lights on' signal that leads to rapid changes in gene transcription as a result of phyB-induced depletion of PIF levels. However, recently, the validity of this model has moved under the spotlight with the finding that, under constant light conditions, pif mutant phenotypes may result directly from PIF feedback modulation of phyB levels [9] [10] [11] . Leivar et al. [1] have now provided strong support for the former model operating in emerging, dark-grown seedlings. This phyB-PIF mechanism provides a means to maintain the etiolated state, yet it is primed to respond to light.
The notion that PIFs actively regulate genes that maintain etiolated development predicts that mutants deficient in PIFs will display a constitutive-photomorphogenic (cop)-type phenotype in the dark. Leivar et al. [1] have demonstrated that this is indeed the case. Mutants deficient in individual PIFs have relatively mild, or poorly penetrative cop phenotypes. However, in seedlings with deficiencies in two or more PIFs, the phenotype is more striking. Indeed, PIF1, PIF3, PIF4 and PIF5 all appear to contribute to the maintenance of the dark-grown etiolated state.
To probe the roles of PIFs in maintaining etiolated development, Leivar and co-workers [1] employed a commonly utilised set-up protocol for dark-grown seedlings. In this standard protocol, seeds are exposed to two brief periods of light, the first during plating and the second poststratification (4 C cold treatment), in an otherwise dark environment. By manipulating the amount of phytochrome activated by each light pulse, the authors were able to dissect out the roles of phyB and PIFs in the emerging seedling.
The interdependence of temperature and light in breaking seed dormancy in fresh seed is exemplified in Arabidopsis. A cold stratification period followed by a light pulse provides a potent germination signal. Core to this signal are the light-stimulated degradation of PIF1 and the cold activation of SPT [12] [13] [14] . In addition to germination, Leivar et al. [1] have shown that light provided either during seed plating or post-stratification also imposes influence on the emerging seedling architecture. This influence of light is manifest in mutants with deficiencies in PIFs: they exhibit marked photomorphogenic traits, a phenomenon that was previously reported for the pif1 pif3 pif4 pif5 quadruple mutant [15] . The residual light effects observed in dark grown seedlings were designated 'pseudo-dark' responses ( Figure 1 ). PIF1 appears to play a prominent pseudo-dark role, particularly in response to the early light pulse, provided during seed plating.
The phytochrome dependency of pseudo-dark responses was demonstrated both by their far-red (FR) reversibility and their requirement for phyB. Thus, short pulses provided at plating or post-stratification are sufficient to trigger germination. However, if seeds are returned to darkness, wild-type levels of PIFs push development toward an etiolated state. When PIF levels are depleted through genetic modification, phyB is able to exert more influence on the remaining PIFs, leading to a photomorphogenic phenotype (Figure 1) .
In addition to the phytochromeinduced photomorphogenic phenotype, Leivar et al. [1] showed that pif mutants also display a mild constitutive photomorphogenic phenotype that is neither FR reversible, nor present in a phyB mutant background. These observations may either represent a light-independent ('true dark') effect or, as proposed by Magliano and Casal [16] , a stored light-induced signal, initiated in the seed while on the maternal plant. Multiple mutant analyses revealed that PIF3, PIF4 and PIF5 appear to contribute to this response. The participation of PIF1 in this response is not testable under true dark conditions as plants containing wild-type levels of PIF1 require a light pulse to trigger germination [13] .
Recent work by the Quail lab and collaborators has shown that, in seedlings grown under continuous light, PIFs feedback on phyB to moderate its abundance. This mechanism has been proposed as the primary means of regulating hypocotyl elongation in seedlings subject to continuous irradiation [5] [6] [7] . Leivar et al. [1] have demonstrated that phyB levels are not affected in pif1 pif3 seedlings from the end of the stratification period through to 48 hours of development. Therefore, the PIF-mediated responses documented here are unlikely to result from a PIF modulation of phyB levels. Moreover, Leivar et al. [1] showed that PIF3 levels are constitutively high in young, dark seedlings and strongly downregulated by light in a FR-reversible manner, implicating light-stable phytochrome as the repressive element. Following a suppressive light treatment, PIF3 levels accumulate after the onset of darkness, and this is accelerated by In the left-hand panel, a brief exposure to light photoconverts phytochrome B (phyB) to its active Pfr form, which triggers the proteolytic degradation of PIF transcription factors. This short light pulse is sufficient to overcome PIF1-mediated inhibition of germination. If the seed is then transferred to darkness, PIF levels rise ensuring that the emerging seedling adopts a skotomorphogenic program of growth. This is characterised by elongated hypocotyls and a closed apical hook that protects unfolded cotyledons. (B,C) Seedlings with a reduced PIF pool exhibit a constitutive photomorphogeneisis (cop) phenotype because they are less able to buffer the effects of a brief irradiation. In these seedlings light-activated phyB (Pfr) drives PIF levels below the threshold required to maintain skotomorphogenesis. (B) As depicted in the right-hand panel, genetic removal of PIF1 bypasses the need for activated phytochrome to trigger germination [12] . (C) Successive genetic removal of PIF proteins in the absence of phyB Pfr leads to increasingly marked cop-type development in the dark.
either FR or phyB loss. Persistence of the phyB signal in darkness ensures that PIF3 levels rise gradually. The data are consistent with previous reports showing that PIF1, PIF3, PIF4 and PIF5 are all degraded by light in a phytochrome-dependent manner [5] [6] [7] [8] . Thus, in darkness, multiple PIF proteins ensure that the etiolated developmental state is maintained. Light provides a potent PIF degradation signal which relieves the repression on transcriptional regulation of genes that promote de-etiolation. An additional observation made by Leivar and co-workers [1] was the reduction of PIF3 protein levels in the dark-grown spa1 spa2 spa3 mutant. SPA proteins have been shown to interact with and modify the activity of COP1 E3 ligase [17] [18] [19] . As cop1 mutants have reduced PIF3 levels, this implicates the COP1-SPA complex as a positive regulator of PIF3 [20] . PIF3 levels are also reduced in a second cop1 allele, eid6; however, as the eid6 allele does not cause a dark phenotype, this suggests that other PIFs may not be subject to the same COP1 regulation in darkness [20] .
In conclusion, Leivar et al. [1] have demonstrated that during seedling establishment, the balance between active phyB and PIF levels determine the extent of de-etiolation. PIFs work together to maintain the etiolated state, and a sustained light period is required to degrade sufficient PIFs to trigger the switch to de-etiolation. Spindle Assembly: Kinesin-5 Is in Control Kinesin-5 is essential in many species for the formation of a bipolar spindle. Although bipolar tetramers were known to crossbridge pairs of microtubules, the mechanism for organizing spindles was unclear. However, new experiments have revealed unique properties of kinesin-5, including some associated with the tail domain, that provide clues as to how spindles are assembled.
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Kinesin-5 (aka BimC, KSP or Eg5) has emerged as the primary motor protein of mitotic and meiotic spindles in a wide range of species, including all vertebrates. The protein, a long alpha-helical rod with globular domains at each end, forms bipolar tetramers. Kinesin-5's initial function in cell division is to separate the duplicated centrosomes (each containing a pair of centrioles and a surrounding mass of pericentriolar material, as depicted in Figure 1A ), starting even before the nuclear membrane breaks down and the chromosomes condense. If kinesin-5 is not active, astral microtubules grow out from a single focus and are powerless to separate the two sets of chromosomes. Inactivation of kinesin-5, even after the spindle has developed, may cause the spindle to collapse [1] . Because of
